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ABSTRACT
This report describes a thermal analysis for a power conditioning unit for the M119 A1 howitzer. The analysis includes conduction, convection, and radiation as described by the Army's rigorous environmental standards. The analysis was completed using computational fluid dynamics in the STAR-CCM+ software package. The analysis estimated the maximum temperature of various components. Most components are predicted to exceed their allowable operating temperature. Some components are predicted to fail with conduction alone. A redesign could include additional heat sinks. 
INTRODUCTION
The M119 A1 howitzer is a lightweight howitzer used by the U.S. Army. Since its introduction to the U.S. Army in 1987, the M119 howitzer has undergone numerous design changes to improve maintainability, functionality, and compatibility. It is currently being used in the Middle East by regular Army and by the National Guard ( fig. 1) . This report describes modeling and simulation of the thermal effects of a new power enclosure for the M119 howitzer. The power enclosure will increase functionality of the mobile unit. The enclosure consists of a sealed box containing batteries, power control circuitry, and other assorted electronics. The enclosure regulates and supplies power to electronics. To maintain reliability of the power supply unit, each component must remain below its design temperature during expected operating conditions. For this initial study, it was assumed that the gun vibration and temperature rise in the gun tube would not affect the power enclosure (refs. 2 through 4).
The thermal analysis was done on the enclosure using the extreme operating conditions. The operating conditions account for extreme solar radiation, elevated ambient temperature, and heat generation of components. The system was modeled using Computational Fluid Dynamics (CFD). This computer model was used to solve the heat transfer problem including conduction, convection, and radiation. This approach allows for changes to the parameters of the model as needed for redesign or upgrades.
Two thermal load cases were evaluated. First, the enclosure and the parts inside the enclosure were modeled using conduction with a prescribed convection on the outside of the enclosure. The second analysis was built upon the first analysis. Free convection on the outer surfaces of the enclosure and solar radiation were added to the thermal loads. The goal of both of these analyses was to find the temperature of various components once the system reached a steady state thermal condition during operation.
METHODS ASSUMPTIONS AND PROCEDURES
Geometry
For this analysis, geometry was imported from Pro/E (ref. 5) part files for the enclosure and the internal components. The model as provided had details that would not affect the results and make the model overly complex. To simplify the model, only major components were considered. The analysis included the box, battery, main relay, heat sink, circuit card board, charger board, burst board, and the DC filter board. The inside of the enclosure was cluttered with wires and cables. None of these were included in this simplified model. ProE files were converted to CFD files using the software package Gambit (ref 6). Figure 2 shows the Pro/E assembly. 
Model Setup and Assumptions
The geometry files were imported to the CFD software package, STAR-CCM+ v 3.06.006 (ref 7). The imported model included the enclosure box, battery, main relay, heat sink, circuit card board, charger board, burst board, and the DC filter board.
Once the geometry was in the software package STAR-CCM+, it was further refined. This refinement reduced the number of contact interfaces without any adverse impact on the results of the simulation. To model the transfer of heat from one body to another, contact interfaces needed to be defined between surface faces that were touching each other.
All of the components were modeled as 3-D stationary solids using the coupled solid energy solver and having constant density. This included the air within the enclosure. It was assumed that the wire, cables, and other internal blockages would allow little natural convection within the enclosure. The air was modeled as a stationary solid that could only conduct heat.
Materials
This analysis consisted of many different parts each with their own thermal properties. For simplicity and due to lack of data, everything was assumed to be one of seven possible materials. For each material the density, thermal conductivity, and heat capacity were needed. Some material parameters were found in the open literature and others were estimated from available references (refs. 8 and 9).
The components were assumed to be in one of seven material groups. Table 1 shows the material properties for air, printed circuit board (PCB), aluminum, battery, electronics, large power chips (power converters), and small power chips (power filters). 
Interfaces
The areas where two parts touch are defined as contact interfaces; STAR requires a thermal contact resistance between two contact surfaces. Contact resistance is a function of surface finish, contact pressure, and interface material (ref. 8). Since this data was not available for the components, an equivalent thermal contact resistance was found using an air gap size associated with standard surface finishes. For the interfaces where thermal compound was applied, that compound's thermal conductivity was used in place of air's. These values were compared with the available data in literature and found to be within the correct ranges (ref. 
Operating Conditions
The system is designed to operate reliably in an area with an ambient temperature of 130°F (327.6 K). In addition to the ambient requirement, the power supply unit must operate with a solar load of 1120 W/m A 2. Figure 3 shows the view of the box that the source of the solar radiation sees. The inside of the box is cluttered with cables, wiring, and other small parts that were not modeled. This clutter may block airflow at critical locations within the box. To take this blockage and lack of internal air flow into account, the air inside the box was modeled such that it only factored into the heat transfer calculations as allowing heat transfer through conduction only.
Figure 3 Solar radiation view of the enclosure
The heat generation for the various components was modeled as a constant value in time. These values were calculated from the known or estimated heat production rates and are expressed in W/m A 3. Table 3 shows heat production and heat produced per unit volume for each component. 
Conduction only, Analysis 1
The first simulation was done without solar radiation or natural convection. However, since natural convection would be an important method of heat transfer out of the system, it had to be taken into account. This was accomplished by specifying an ambient temperature (130°F) and a conservative convective heat transfer coefficient (5 W/m A 2) to all of the outer surfaces. These outer surfaces would normally be in 'contact' with the atmosphere. This provided a relatively quick analysis that formed the ground work and a bench mark for further analyses.
Solar Radiation and Natural Convection, Analysis 2
The model was improved by including solar radiation and natural convection. The convection analysis included some updated heat production rates (table 4). The power enclosure was designed to withstand relatively high solar loads (ref. 10). The direct solar load was modeled as 1120 W/m A 2 and the diffuse solar load as 840 W/m A 2 (75% of the direct solar load). These values assumed that the sun was in the "worst" position in the sky. The direct solar load was applied to the sides of the box with the components of interest. The direct solar load was also applied to the top of the box. The diffuse solar load was applied to the rest of the exterior surfaces, modeling the scatting effect of the atmosphere and the reflections from objects that could be nearby.
Since natural convection is a buoyancy-driven flow, the gravity model in STAR also had to be activated. The outer surfaces of the box and heat sink had their boundary conditions modified to be compatible with the natural convection. To be able to model the natural convection, it was necessary to add a volume of air around the box. This did not change the internal components. Figure 4 shows Table 5 compares the results with and without solar radiation and convection. Solar radiation and convection increased the temperature in key components by about 20%. The current design is unable to keep the components within the allowable operating temperature. As expected, the added solar load in the second simulation resulted in higher temperatures and additional failed components.
RESULTS
Conduction Only
Several design improvements could be suggested. The system does have an external heat sink to help dissipate the heat that was included in this model. This heat sink could be optimized to provide greater heat dissipation. In addition, it may be possible to install an additional heat sink to dissipate heat from the side with the filter and burst chips. A third suggestion is to replace components with similar components that generate less heat and/or function at higher temperatures. 
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